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In t roduc t ion  

Trad i t iona l ly  Fuel Science and Engineering has  been regarded,  from an 
educa t iona l  viewpoint,  as something of a hybrid s u b j e c t  which cannot be e a s i l y  ac- 
commodated wi th in  the accepted framework of s e p a r a t e  academic d i s c i p l i n e s .  I n  
gene ra l  f a c u l t i e s  of s c i ence  tend t o  t r e a t  t h e  s u b j e c t  a s  an extension of  Physical  
and Organic Chemistry with cons ide rab le  emphasis on b a s i c  f u e l  p r o p e r t i e s  and the  
chemistry of combustion. 
courses  i n  both Mechanical and Chemical Engineering Departments which concen t r a t e  
on s p e c i f i c  a reas  of f u e l  u t i l i z a t i o n  and processing.  Courses i n  Mechanical 
Engineering Departments d e a l  mainly with only t h e  phys ica l  and thermodynamic a spec t s  
of t h e  combustion of f u e l s  i n  F. C.  engines and gas  t u r b i n e s .  Chemical Engineering 
Departments i n  gene ra l  do n o t  provide s p e c i f i c  courses  on Fuels but  do inc lude  a 
considerable  amount of b a s i c  m a t e r i a l  r e l e v a n t  t o  t h e  Fuel  Processing a r e a  i n  
s e v e r a l  standard Chemical Engineer ing courses .  Consequently it is t h e  except ion 
r a t h e r  than the  r u l e  t o  f i n d  well-balanced schemes of s tudy i n  t h e  a reas  of Fuel 
Science and Engineering. 
educat ion i n  a l l  a spec t s  of f u e l s  ranging from resources  and recovery through t o  
u t i l i z a t i o n  and p o l l u t i o n  c o n t r o l .  

The cu r ren t  wave of i n t e r e s t  and concern i n  all mat te r s  r e l a t i n g  t o  t h e  
n a t i o n a l  energy s i t u a t i o n  provides  s u f f i c i e n t  j u s t i f i c a t i o n  f o r  c l o s e l y  examining 
t h e  educat ional  programs of t h e  s c i e n t i s t s  and engineers  who w i l l  be  needed t o  
meet t h e  demands i n  t h i s  a r e a ,  I t  would be  somewhat i r o n i c  i f  t h e  new technologies  
and i n d u s t r i e s  proposed t o  overcome t h e  nation's f u e l  supply problems were themselves 
subjected t o  a supply problem of adequately t r a ined  personnel .  
whether o r  not our  e d u c a t i o n a l i n s t i t u t i o n s  c u r r e n t l y  provide appropr i a t e  programs 
f o r  t h e  number of personnel  r equ i r ed  i n  t h i s  a r e a ,  s t i l l  remains open, It is 
perhaps worth not ing t h a t  s e v e r a l  l a r g e  American companies a r e  c u r r e n t l y  r e c r u i t i n g  
graduate- level  f u e l  s c i e n t i s t s  and eng inee r s  d i r e c t l y  from U.K. U n i v e r s i t i e s .  Also 
it appears  i n e v i t a b l e  t h a t  as we t u r n  t o  p rogres s ive ly  more d i f f i c u l t  f u e l s ,  t he  
environmentally accep tab le  e x t r a c t i o n ,  processing and u t i l i z a t i o n  w i l l  l e a d  t o  an 
increased requirement f o r  p r o f e s s i o n a l s  a t  a l l  l e v e l s  i n  t h e  f u e l  and energy s e c t o r .  
A s a t i s f a c t o r y  answer t o  t h e  ques t ions  r a i s e d  he re  can of course only be obtained 
byconducting a d e t a i l e d  market survey of bo th  t h e  sources  of supply of and demand 
f o r  f u e l  s c i e n t i s t s  and engineers  at  both graduate  and undergraduate l e v e l s .  It 
is  i n  t h i s  a r ea  t h a t  t h e  p r o f e s s i o n a l  s o c i e t i e s  could p l ay  an important r o l e .  

It i s  not t h e  o b j e c t i v e  of t h i s  paper t o  provide answers t o  these  ques t ions  
of supply and demand, nor  t o  addres s  t h e  more fundamental ques t ions  r e l a t i n g  t o  t h e  
r o l e  of u n i v e r s i t i e s  i n  r e g u l a t i n g  o r  c o n t r o l l i n g  t h e  supply i n  t h e  i n t e r e s t s  of 
p a r t i c u l a r  professions.  
t o  improve e i t h e r  o r  both t h e  q u a l i t y  and quan t i ty  of Fuel  Science and Engineering 
courses,  t h r e e  examples of Un ive r s i ty  Departments c u r r e n t l y  o f f e r i n g  schemes of 
s tudy i n  t h i s  a r e a  are presented which r ep resen t  t h r e e  a l t e r n a t i v e  l e v e l s  of commie 
ment t o  educat ion i n  t h i s  s u b j e c t  a r ea .  
Engineering has  t r a d i t i o n a l l y  maintained a s t rong  graduate  program i n  Fue l  Engineer- 
i n 8  which r ep resen t s  only one s p e c i a l i s t  sub jec t  a r e a  i n  a comprehensive Chemical 
Engineering curriculum. The  Department of Chemical Engineering and Fue l  Technology 
a t  t h e  Universi ty  of  S h e f f i e l d  has  maintained a ve ry  s t r o n g  commitment t o  both 

Engineering f a c u l t i e s  on t h e  o t h e r  hand o f t e n  provide 

Very few academic i n s t i t u t i o n s  provide a broad-based 

The ques t ion  of 

Based on t h e  premise t h a t  some changes may be d e s i r a b l e  

A t  MIT t h e  Department of Chemical 
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s u b j e c t s  at graduate  and undergraduate l e v e l s .  
Combustion Science a t  t h e  Univers i ty  of Leeds o f f e r s  bo th  graduate  and undergraduate 
degree  schemes devoted exc lus ive ly  t o  t h e  sub jec t  of Fue ls .  

Fue l  Engineering Courses a t  MIT 

The Department of Fuel and 

I n  common wi th  many Engineering Schools i n  Departments of Mechanical and 
Nuclear Engineering a t  MIT o f f e r  spec ia l i zed  graduate  courses  which a r e  r e l a t e d  
t o  c e r t a i n  areas of Fuel  Engineering. Courses i n  Combustion, Thermal Power 
System, Energy Conversion and Nuclear Fuels  f a l l  i n t o  t h i s  ca tegory .  The Depart- 
ment of Chemical Engineering i s  one of t h e  few departments i n  t h e  country t o  o f f e r  
a coord ina ted  scheme of study a t  t he  graduate  l e v e l  i n  Fuel Engineering. This scheme 
of s tudy  i s  completely op t iona l  and r ep resen t s  on ly  one poss ib l e  a rea  of graduate  
s p e c i a l i z a t i o n  amongst a t o t a l  of twelve Chemical Engineering top ic s .  An i n t e -  
g ra t ed  program i n  t h i s  area, leading  t o  an  M.Sc, r e q u i r e s  a t o t a l  of 66 c r e d i t  
hours a t  l e a s t  42 of which must normally be obta ined  from t h e  fo l lowing  l i s t  of 
courses  s u b j e c t s :  

Subjec t  Cred i t  hours 

Energy Technology 
Chemical Engineering Thermodynamics 
Mechanics of F lu ids  
Ca ta lys i s  and C a t a l y t i c  Processes  
Absorption and Ca ta lys i s  
Chemical Reaction Engineering 
P r i n c i p l e s  of Combustion 
Seminar i n  A i r  P o l l u t i o n  Cont ro l  
Seminar i n  Fuel  Conversion and U t i l i z a t i o n  
Radia t ive  Transfer  
Nuclear Chemical Engineering 

9 
12 

9 
9 
9 
9 
9 
9 
9 
9 

12 

In a d d i t i o n , a  r e sea rch  t h e s i s  i s  requi red  and t h e  Department Fuels  Research Labora- 
t o r y  toge the r  wi th  the  MIT Energy Laboratory provide  exce l l en t  f a c i l i t i e s  f o r  
r e sea rch  on a wide range of f u e l  process ing  and combustion top ic s .  Normally t h e  
gene ra l  requirements f o r  a n  M.Sc. degree can  be m e t  w i th in  one academic yea r .  

t h e  sub jec t  as a spec ia l i zed  area of Chemical Engineering. Courses a r e  presented  
only  a t  graduate  l e v e l  and r equ i r e  a f i rm  background i n  t h e  gene ra l  p r i n c i p l e s  of 
Chemical Engineering. 
i n  t h e i r  s e n i o r  year  as r e s t r i c t e d  e l e c t i v e s .  
i n  Fuel  Engineering i n e v i t a b l y  l eads  t o  a cons ide rab le  degree  of s p e c i a l i z a t i o n .  
Phe very  n a t u r e  of graduate-course 
i n t e l l e c t u a l l y  demanding q u a l i t a t i v e  m a t e r i a l  a s soc ia t ed  wi th  some of t h e  more 
pragmatic a spec t s  of Fuel Engineering . A t  MIT t h e  a r e a s  of s p e c i a l i z a t i o n  r e f l e c t  
t h e  department 's  s t r o n g  i n t e r e s t  i n  Chemical Engineering a spec t s  of Fuel Process ing  
Combustion and A i r  Po l lu t ion .  Severa l  o t h e r  engineer ing  schools o f f e r  graduate  
courses  which cover o the r  important a spec t s  of Fue l  Engineering such as Resource 
Recovery, Thermal Power Engineering and Energy Management. I n  general, i t  is f e l t  
t h a t  even though very  few graduates  o b t a i n  degrees  s p e c i f i c a l l y  i n  Fuel  Science 
and E n g i n e e r i n g t h e r e  is a s u f f i c i e n t  pool of s p e c i a l i s t  g raduates  t o  m e e t  t h e  
demands of t h e  upper l e v e l  managerial ,  r e s e a t c h  and development areas of t h e  f u e l  
and energy sec to r .  

The gene ra l  philosophy i n  r e spec t  t o  educa t ion  i n  Fuel  Engineering i s  t o  treat 

However,the courses  are a v a i l a b l e  t o  undergraduate s tuden t s  
This  approach t o  graduate  educa t ion  

work usua l ly  prec ludes  much of t h e  less 
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The Department of Chemical Engineering and Fue l  Technology, Univers i ty  of 
She f f i e ld ,  England. 

Before d i scuss ing  t h e  s t r u c t u r e  of t h e  graduate  and undergraduate courses  
o f f e red  by t h e  Department o f  Chemical Engineering and Fuel Technology a t  t h e  
Un ive r s i ty  of Sheffield,  i t  is worthwhile t o  po in t  ou t  t h e  gene ra l  d i f f e rences ,  
p a r t i c u l a r l y  i n  r e spec t  of en t rance  requi rements ,  between U.K. and American 
Un ive r s i t i e s .  
counterpar t s  on en te r ing  a un ive r s i ty .  
t h ree  o r  four s u b j e c t s  appropr i a t e  t o  t h e  a r e a  of u n i v e r s i t y  study they wish t o  
pursue. For ins tance ,most  s tuden t s  wishing t o  e n t e r  Chemical Engineering Schools 
w i l l  have s tud ied  Maths, Phys ics  and Chemistry. Each u n i v e r s i t y  and u n i v e r s i t y  
department is then  free t o  s e t  whatever en t r ance  requirements i t  f e e l s  necessary 
f o r  s p e c i f i c  degree courses .  E l i g i b i l i t y  f o r  en t r ance  i s  then  judged on t h e  b a s i s  
of ind iv idua l  s tuden t s  performance i n  n a t i o n a l  examinations conducted by indepen- 
dent examining bodies .  Ent rance  requirements are consequently somewhat more 
s t r i n g e n t  in t h e  U.K.,and the  s tuden t s  a r e  equipped t o  commence t h e i r  undergraduate 
degree courses a t  
As  a r e s u l t  most Undergraduate courscs  a r c  only  t h r c c  yca r s  i n  dura t iox , lcading  
t o  the  Bachelors degree.  By t h e  t i m e  of en t rance ,  s tuden t s  have a l ready  chosen 
t h e i r  subjec t  a r e a s ,  and s p e c i a l i s t s  courses  i n  t h e  appropr i a t e  sub jec t s  a r e  giben 
during t h e  f i r s t  year .  

The scheme of s tudy  at undergraduate l e v e l ,  o f f e red  by t h e  Department of 
Chemical Engineering and 
of courses  du r ing  t h e  f i r s t  two yea r s  w i th  o p t i o n a l  s u b j e c t s  i n  the  f i n a l  under- 
graduate  year. S tudents  are r equ i r ed  t o  o b t a i n  s a t i s f a c t o r y  r e s u l t s  i n  a l l  pre- 
s c r ibed  sub jec t s  a t  t h e  end of t h e  second yea r  before  being allowed t o  proceed t o  
t h e  f i n a l  year. Progress  i s  monitored e s s e n t i a l l y  by formal w r i t t e n  examination 
a t  the  end of each year .  The r e s u l t s  of t hese  examinations determine whether o r  
not t h e  s tudent  i s  cons idered  f o r  an Ordinary o r  Honours degree. 

gene ra l  engineer ing  cour ses  and in t roductory  courses  t o  Fuel Technology and Chemi- 
cal Engineering which r e p r e s e n t  about 20% of t h e  t o t a l  course load. These courses  
are designed t o  equip t h e  s tuden t  f o r  t h e  more advanced courses  i n  t h e  second 
and f i n a l  year's scheme 
s tuden t s  t o  many of t h e  p r a c t i c a l  a spec t s  of Fue l  Technology inc luding  p r o p e r t i e s  
and t e s t i n g  of s o l i d ,  l i q u i d  and gaseous f u e l s .  During the  second y e a r  t h e  
p re sc r ibed  scheme o f  s tudy  c o n s i s t s  of courses  i n ,  

In gene ra l  U.K. s t uden t s  are a year  o l d e r  than  t h e i r  American 
They w i l l  have spent  two yea r s  s tudying  

a h i g h e r  academic l e v e l  t han  freshmen i n  American Un ive r s i t i e s .  

Fue l  Technology a t  t h e  Univers i ty  of Shef f ie ld ,  c o n s i s t s  

F i r s t  year sub jec t s  a r e  mostly ex tens ion  of Maths, Physics and Chemistry, 

o f  s tudy .  Laboratory classes i n  the  f i r s t  yea r  in t roduce  

Fuel  Technology Mechanical Engineering Maths 
Chemical Engineering Elector-Technology Chemistry 

The Fuel  Technology and Chemical Engineering courses  occupy approximately 50% 
of t h e  course work. At t h i s  s t a g q  Chemical Engineering courses  d e a l  e s s e n t i a l l y  
wi th  t h e  fundamentals of Heat,  Mass and Momentum Trans fe r  a t  q u i t e  an advanced 
l eve l .  
Fuels inc luding  handl ing  and process inr ,and  in t roduc t ion  t o  some o f  t h e  more 
p r a c t i c a l  problems a s soc ia t ed  wi th  t h e  combustion of d i f f e r e n t  types  o f  f u e l s .  
After success fu l ly  completing t h e  f i r s t  two y e a r s  of p re sc r ibed  undergraduate 
courses ,  s tuden t s  then  have the  op t ion  of choosing between f i n a l  year  schemes of s tudy  
i n  e i t h e r  Chemical Engineering and Fuel  Technology o r  Environmental Chemical 
Engineering. 
below; 

The F u e l  Technology courses  d e a l  wi th  some of t h e  gene ra l  a spec t s  of 

The p resc r ibed  courses  of s tudy  f o r  t h e s e  two opt ions  are given 
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E i t h e r  (i) Chemical Engineering and Fuel  Technology 

Chemical Engineering Operations Fuel  Processing 
Control and Instrumentat ion 
Nuclear Reactor Engineering Combustion Theory 
Business Economics Ref rac t ions  Technology 

Di rec t  E l e c t r i c i t y  Generation 

o r  ( i i )  Environmental Chemical Engineering 

Chemical Engineering Operations P ro jec t  Evaluat ion w i t h  r e s p e c t  t o  
Control and Instrumentat ion P o l l u t i o n  Control 
Environmental Chemical 
Engineering of P o l l u t i o n  

Medical and Legal a s p e c t s  

t oge the r  with any t h r e e  of t h e  fol lowing advanced top ic s :  

F lu id  Dynamics 
Advanced Combustion Theory wi th  G a s  Dynamics 
Heat Exchanges 
High Temperature Chemical Engineering 
Process and P ro jec t  Engineering 
Advanced Topics 

I n  add i t ion  during t h e  f i n a l  yea r  s t u d e n t s  a r e  r equ i r ed  t o  undertake e i t h e r  
an experimental  i n v e s t i g a t i o n  
Engineering o r  Fuel Technology. 

be included a s  a major element i n  a Chemical Engineering curr iculum a t  under- 
graduate  l e v e l .  
on f u e l s  is contained i n  t h e  f i n a l  yea r  of s tudy,  and a s  such , the  o v e r a l l  e f f e c t  
is t o  provide b a s i c  co re  of Chemical Engineering courses  around which t h e  s u b j e c t s  
of Fuel  Technology,and i n  par t icular ,Combust ion a r e  handled p r imar i ly  from a 
Chemical Engineering and Processing p o i n t  of view. 

In common wi th  most o t h e r  U.K. Universi ty  Departments, the Department of  
Chemical Engineering 
research programs r equ i r ing  no formal course work. However an advanced course on 
Combustion Science and Po l lu t ion  Control  is a l s o  offered,which l e a d s  t o  t h e  award 
of a Diploma o r  Master's Degree by examination. 
terms of l e c t u r e s ,  seminars and experimental  work on t o p i c s  which inc lude :  

a design s tudy of some problem of Chemical 

These course d e t a i l s  c l e a r l y  show t h a t  t h e  s u b j e c t  of Fuel Technology can 

However,it should be r e a l i z e d  t h a t  much of t h e  course m a t e r i a l  

and Fuel  Technology o f f e r s  ba th  Masterb and Doctorate  

The course c o n s i s t s  of two f u l l  

Physical  Chemistry of Combustion 
Connective Heat Transfer  
Radiat ive Heat T rans fe r  
Theory and Technology of Combustion Process  
Minor Const i tuents  of Flames and Combustion Gases 
Combustion Ndise and O s c i l l a t i o n s  
Flame and Plasma Reactors 
Open Flames, F l a r e s  and I n c i n e r a t o r s ,  Plume Dispersion 
Furnace Ref rac to r i e s  
Measurement and Control  i n  Flames (Experimental  Techniques) 
Mathematical Models of Combustion Systems. 

I n  add i t ion ,  s tuden t s  prepare a d i s s e r t a t i o n  i n  e i t h e r  a design s tudy o r  a 
research p r o j e c t ,  which i s  completed a f t e r  t h e  course work and can s e r v e  a s  an 
in t roduc t ion  t o  a Ph.D. course.  

and mathematics. 
This Master's course i s  open t o  graduates  i n  engineer ing,  phys i c s ,  chemistry 
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E The Department of Fuel  and Combustion Science a t  the Universi ty  of Leeds. 

I n s t r u c t i o n  and r e s e a r c h  i n  f u e l  s c i ence  have been provided by t h e  Un ive r s i ty  
of Leeds s i n c e  1906, and cour ses  are c u r r e n t l y  o f f e r e d  a t  t h e  undergraduate l e v e l  
i n  Fuel  and Energy Engineer ing and i n  Fuel and Combustion Science.  The courses  a r e  
o f f e red  by t h e  Department of Fuel  and Combustion Science which i s  t h e  only Uni- 
v e r s i t y  Department i n  t h e  U.K. t o  o f f e r  undergraduate schemes of s tudy devoted 
exclusively t o  t h e  s u b j e c t  of f u e l s .  The department pov id ing  these  schemes of 
s tudy i s  t h e  founding member of t he  Houldsworth School of Applied Science.  
The school i t s e l f  c o n s i s t s  of f i v e  departments which, a l through independent i n  
themselves, have so much i n  common t h a t  they have e l e c t e d  t o  work toge the r  a s  
a group. These departments  a r e  Fuel  and Combustion Science,  Chemical Engineer ing,  
Metallurgy, Ceramics and Mining and Mineral  Sciences.  The schoo l  o rgan iza t ion  
al lows the va r ious  departments  t o  sha re  l e c t u r e  rooms, t h e  l i b r a r y ,  common rooms, 
workshops and many i tems of c o s t l y  equipment which could not  e a s i l y  b e  provided 
separately.  I n  a d d i t i o n , t h e  departments provide c a r e f u l l y  t a i l o r e d  s e r v i c e  courses  
i n  s p e c i f i c  s u b j e c t  a r e a s  f o r  s t u d e n t s  from o t h e r  departments  w i th in  t h e  school .  

The Department c u r r e n t l y  o f f e r s  f o u r  undergraduate degree programs, 

* B. Sc. Fuel  and Combustion Science - B. Sc. Fuel and Energy Engineering 
* B. Sc.  Chemistry/Fuel and Combustion Science 
* B. Sc. Fuel  and Energy/Management S tud ie s  

The f i r s t  two of t h e s e  schemes involve only t h e  Fuel  and Combustion Science 
Department. 
common but a r e  v a r i e d  t o  c a t e r  t o  t h e  i n d i v i d u a l  a b i l i t y  and i n t e n t i o n s  of t he  s t u -  
den t .  The Fuel  and Combustion Science cour se  con ta ins  r a t h e r  more b a s i c  sc i ence  than 
t h e  Fuel  and Energy Engineer ing course,  which as i t s  name impl i e s ,  is b ia sed  more 
towards engineer ing and t echno log ica l  a spec t s .  Broadly,  but  no t  exc lus ive ly ,  t h e  
former i s  intended t o  equip graduates  f o r  e n t r y  i n t o  the  r e sea rch  and develop- 
ment s e c t o r s  of t h e  i n d u s t r i e s  supplying and using f u e l s  and t h e  l a t t e r  i s  intended 
f o r  fu tu re  des igne r s  and b u i l d e r s  of p l a n t  and equipment f o r  t h e  l a rge - sca l e  
processing o r  use of f u e l s .  

j o i n t l y  with t h e  Departments of Chemistry and Management S tud ie s .  
Fuel  and Combustion Science scheme of s tudy allows t h e  chemistry-minded s tuden t  
t o  c a r r y  t h i s  s u b j e c t  f u r t h e r  while  a t  t h e  same time r ece iv ing  sound t r a i n i n g  i n  
t h e  sc i ence  of  f u e l  and combustion. 
ment s tud ie s  i s  aimed a t  providing both a f i r m  t echno log ica l  and eng inee r ing  
apprec i a t ion  of  f u e l s  and energy f o r  s t u d e n t s  wishing t o  fol low convent ional  
courses  i n  Management S tud ie s .  This  combination of courses  i s  hoped t o  provide 
t h e  co r rec t  blend of t echno log ica l  and managerial  knowledge r equ i r ed  f o r  t h e  new 
generat ion of f u e l  and energy managers. 

Fuel  and Energy Engineer ing a r e  given below. 
F i r s t  Year- cour ses  are e s s e n t i a l l y  common f o r  both degree schemes. 

Both a r e  e s s e n t i a l l y  t h r e e  yea r  courses  and have a b a s i c  theme i n  

The last two undergraduate  degree schemes a r e  combined courses  o f f e r e d  
The Chemistry/ 

The combined course i n  Fuel and Energy/Manage- 

TheHonour's degree schemes of s tudy  f o r  both Fuel  and Combustion Science and 

Fuel  and Energy Sources Maths 
Fuel  and Energy U t i l i z a t i o n  Physics  
M a t e r i a l s  Science Physical  Chemistry 
Computational Techniques 

Second Year- aga in  t h e  ma jo r i ty  of f u e l  courses  a r e  common, t h e  only d i f f e r e n c e s  
being i n  t h e  subs id i a ry  s u b j e c t s .  

I 
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Fuel and Combustion Science Fuel and Energy Engineering 
Combustion Technology * 
Fuel Processing and Flow of Materials * 
Power Generation I * 
Instrumentation and Control * 
Fuel and Energy Economics * 
Applied Physical Chemistry * 
Heat Transfer I * 
Chemical Engineering (Unit Operations) * 

Physics Mathematics 
Chemistry (Organic) Engineering (Mechanical 

(* Common Courses) 
Third Year- all courses are given by the Department. 
Fuel and Combustion Science 

and Electrical). 

Fuel and Energy Engineering 
Combustion Aerodynamics and Heat Transfer * 
The Efficient Use of Energy * 
Management and Organization of the Energy Industries * 

Combustion and Explosion 
Petroleum and National Gas Science Fuel and Combustion Plant Design 
Coal and Carbon Science Power Generation I1 

(* Common Courses) 
conduct an experimental research project on some aspect of fuel and combustion 
science or energy engineering. 

Courses for the combined degree schemes in Chemistry/Fuel and Combustion 
Science and Fuel and Energy/Management Studies consist of combinations of 
some of the above courses with selections of standard courses in the Departments 
of Chemistry and Management StudieS respectively. 

Petroleum and National Gas Engineering 

In addition to the above course$ students are required to 

Schemes of study are also offered at graduate level leading to 

- M. Sc. Combustion and Energy 
* M. Sc. Environmental Pollution Control. 

The latter course is 
though combustion and fuels-related pollution aspects are covered by the depart- 
ment. 
which draws upon the expertise of the Departments of Fuel and Combustion Science, 
Mechanical Engineering and Physical Chemistry. Both of these graduate programs 
take one complete academic year and include both course work and a research ex- 
ercise. 
Discussion 

in the three Departments discussed here are ones of scope and breadth of coverage. 
Treatment at graduate level without any prior introduction to the subject of Fuels 
leads inevitably to a considerable degree of specialization, usually in some area 
amenable to a qualitative and analytical approach, such as combustion. The in- 
clusion of Fuel Science and Engineering courses at undergraduate level can 
readily be integrated into 9 Chemical Engineering curriculum without seriously 
affecting the basic elements essential for education in Chemical Engineering. 
This approach can eliminate the need for specialization in one particular area 
and can lead to a well-rounded appreciation of the engineering significance of 
fuels. 
provide an extremely broad training in all aspects of Fuel Science and Engineering. 
The major advantage of this approach is that it provides sufficient coverage of 
many important qualitative, practical and technological aspects in all areas 

run in conjunction with several other university departments, 

The former course is offered by the Center for Combustion and Energy Studies 

The major differences in approach to education in Fuel Science and Engineering 

Undergraduate schemes of study devoted exclusively to the study of fuels 
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of Fuel  Science and Engineering. 
i n c l i n e d  s tuden t s  a b l e  t o  Pursue ca ree r s  i n  r e sea rch  and development, bu t  t h e  more 
pract ical ly-minded s t u d e n t s  a r e  w e l l  prepared t o  e n t e r  t h e  o p e r a t i o n a l  s i d e  of 
many i n d u s t r i e s  making o r  using f u e l s .  It is  o f t e n  a t  t h i s  l e v e l  where many 
important  dec i s ions  a f f e c t i n g  f u e l  and energy usage a r e  made p a r t i c u l a r l y  i n  t h e  
small t o  medium s i z e  i n d u s t r i e s .  

than t h e  foundation of any p a r t i c u l a r  i n s t i t u t i o n .  Consequently i t  is f e l t  t h a t  
any charges deemed necessary i n  t h e  educat ion of  Fuel  Science and Engineering i n  
t h e  U.S.A. w i l l  t a k e  p l a c e  predominately in graduate  schools  by a l t e r a t i o n  of 
e x i s t i n g  courses  or implementation of new courses .  However, it is f e l t  t h a t  
many of the important  s u b j e c t s ,  p a r t i c u l a r l y  f u e l  and energy u t i l i z a t i o n ,  can 
b e s t  be included at undergraduate  l eve l .  

Engineering curr iculum and t h e  p rov i s ion  of such courses  could c e r t a i n l y  he lp  t o  
provide the t echno log ica l  background s o  o f t e n  missing i n  graduate  l e v e l  courses .  

Hence not  only a r e  t h e  more academically 

It i s  always e a s i e r  and u s u a l l y  s a f e r  t o  a l t e r  t h e  s u p e r s t r u c t u r e  r a t h e r  

Fuel  Science and Engineer ing courses  can e a s i l y  b e  i n t e g r a t e d  i n t o  a Chemical 
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FUEL Q1E:IISTRY 
tindergraduate and Graduate Fuel  Science and Engineer ing 

Education a t  Kest V i r g i n i a  t in ivers i ty  

Duane R. Sl.idniore 

College of : t inera1 and Energy P.esources 
I ies t  V i r g i n i a  Univers i ty  

213 I h i t e  1:all 
:Iorgantovn, I’v 26506 

In t roduct ion  

Fuels  s c i e n c e  and enpineer ing  a t  Uest V i r g i n i a  Univers i ty  r e f e r s  
t o  those  e d u c a t i o n a l  a c t i v i t i e s  i n  engineer inp  and s c i e n c e  p r o g r a m  whose 
s u b j e c t s  d e a l  w i t h  t h e  e x t r a c t i o n  and u t i l i z a t i o n  of f o s s i l  f u e l s .  In 
t h i s  broader  sense ,  f u e l s  s c i e n c e  and ene ineer ing  a r e  involved wi th  
a l l  a s p e c t s  of f o s s i l  f u e l s .  
conversion,  coking and t h e  u t i l i z a t i o n  of coa l ,  o i l  s h a l e  and ta r  sanc!s. 
In a narrower sense, t h e  s u b j e c t  covers  chemical and phys ica l  ciianges 
involved i n  f u e l  u t i l i z a t i o n .  The purpose of an educa t iona l  endeavor  
i n  t h i s  s u b j e c t  a r e a  i s  t o  develop t h e  p o t e n t i a l  i n  a b l e  and i n t e r e s t e d  
people  f o r  s o l v i n g  conplex problems of f u e l  u t i l i z a t i o n .  The need f o r  
sucii educa t iona l  programs is expected t o  i n t e n s i f y  i n  t h e  n e a r  term. 

West V i r g i n i a  Univers i ty  is a land-grant u n i v e r s i t y  and t h e  compre- 
hensive s t a t e  u n i v e r s i t y  f o r  l jes t  V i r g i n i a .  T u i t i o n  i s  one of  t h e  lowest  
i n  t h e  n a t i o n  and admissions a r e  open. 
an acadenica l ly  o r i e n t e d  s t u d e n t  body as descr ibed  by collexe-bound test 
scores  and high school  grades.  
W U  o f f e r s  programs i n  p r o f e s s i o n a l  schools  and graduate  departments .  
Agr icu l ture ,  d e n t a l ,  encincer ing.  l a w ,  f o r e s t r y ,  medicine, minera ls ,  nurs ing ,  
and pharmacy schools  are supported by graduate  programs i n  b a s i c  sc iences .  

The u n i v e r s i t y  i s  i n  !:organtown, Nonongalia County; a county which 
c u s t o n a r i l y  ranks f i r s t  o r  second among t h e  c o u n t i e s  i n  t h e  s t a t e  i n  c o a l  
product ion.  i k s t  V i r g i n i a  has  ranked f i r s t  o r  second i n  c o a l  product ion  
among tile states f o r  many years .  
conxnercially . 

In p a r t i c u l a r ,  they d e a l  wi th  c o r b u s t i o n ,  

S e l f - s e l e c t i o n  by s t u d e n t s  provides  

As t h e  comprehensive state u n i v e r s i t y ,  

Other energy resources  are a l s o  recovered 

The need f o r  fue ls -or ien ted  programs is v a r i o u s l y  viewcd. In t h e  
s c i e n t i f i c  and engineer ing  d i s c i p l i n e s ,  t h e  s t a t e ,  rep iona l ,  and n a t i o n a l  
dependence on imported f u e l s  a r e  considered important  reasons f o r  s tudy;  
f a c u l t y  have acqui red  a p p r o p r i a t e  i n t c r c s t s  and s1:ills civer tiic yenrs ,  
and s tudent  dcniand has remarkably s t renothened over n f i v e  y e a r  per iod .  
Personnel  i n  t h e  sc ience  and engineer ing  proprams a r e  a d d i t i o n a l l y  motivated 
by t h e i r  i n t e r e s t  i n  new and improved understanding of n a t u r e ;  a d e s i r e  t o  
publ ish,  and t h e  increased  a v a i l a b i l i t y  of  u n i v e r s i t y ,  s ta te ,  and f e d e r a l  
support .  
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Jobs a r e  a v i a l a b l e  i n  i n d u s t r y ,  Ivovernment, and academia. Pressure  
f r o n  r e c r u i t e r s  has been s t r o n p  and e r f e c t i v e .  S tudents  and f a c u l t y  
a l i k e  l ime received o f f e r s  of h iph  s a l a r y  and o p t i m n  worl.iny condi t ions .  
An i r iportant  co-ef fec t  has been t h e  d s r u p t i o n  of t r a d i t i o n a l  ivory  
tover  i n c l i n a t i o n s  and r e d u c t i o n  of  l e i s u r e  t o  ruminate  arionp i d e a s  
and over  problems. 

Iiisto_yy_ o f  On - Coiny L f f o r t  - ------- 
Differen t  programs throughout  t h e  u n i v e r s i t y  have a d i f f e r e n t  h i s -  

t o r i c a l  p a t t e r n  of  response  t o  t h e  perceived e d u c a t i o n a l  needs i n  f u e l s .  
Programs vary g r e a t l y  in t h e i r  longevi ty .  l e v e l s  of s o p h i s t i c a t i o n ,  
and o r i e n t a t i o n  torrnrd a s r e c i f i c  f u e l .  Some stress s c i e n c e  and soinn 
a r e  enpineer ing o r i e n t e d .  

A s  an example of a s c i e n c e  department, geology i s  of s p e c i a l  
i n t e r e s t ,  Ti le  f a c u l t y  o f f e r  t h r e e  courses  i n  which c o a l  is of primary 
concern. Two of t h e s e  c o u r s e s  - Coal Geoloey and Coal Petroyrenhy- 
were approved formal ly  w i t h i n  t h e  l a s t  tvo y e a r s .  Considerable  j u r i s d i c -  
t i o n a l  d i scuss ion  hnd ensued betireen f a c u l t y  i n  r;eology .md those i n  t h e  
Co1ley.e of :!inera1 and Energy Kesourccs. 
o f fe red  i n  Petroleum Ceology. Geol.op.ica1 research  on f u e l s  i s  centered  
on c h a r a c t e r i z a t i o n  and on resource  o r  r e s e r v o i r  d e f i n i t i o n .  h new and 
major research  e f f o r t  on jias from Devonian Siiale i s  c u r r e n t l y  undcr- 
way. Tile f u e l s  work. i n  geology is o f t e n  done i n  cooperat ion v i t h  t h e  
Lies t VirEinin S t a t e  Geologica l  and Economic Survey. 

A sinfl1.e peo1or;y course i s  

In e n p i n e f r i n r  proprams, course  o f f e r i n g s  centered  on f u e l s  a r e  
ex tens ive .  ILining, petroleum, ci ienical ,  mechanical, and n i n e r a l  pro- 
cess ing  e n g i n e e r i q  as s u b j e c t  areas a r e  l a r g e l y  c o m i t t e l  t o  design.  
opera t ion ,  cons t ruc t ion  and r e s e a r c h  d e a l i n g  wi th  f u e l s  e x t r a c t i o n  m d  
u t i l i z a t i o n  processes .  

Cheudcal e n g i n e e r i n g  o f f e r s  two courses  on coal  conversion a t  t h e  
undergraduate l e v e l .  
s e q u e n t i a l  undergraduate  course  on conversion and a praduate  course i n  
s y n t h e t i c  l i q u i d  f u e l s .  E l e c t r i c a l ,  nechanica l ,  mininr  and petroleum 
engineer ing  have s u b s t a n t i a l  research  i n t e r e s t  and funding i n  prol lems 
of f u e l s  a p p r o p r i a t e  t o  t h e i r  general. charge. 

: i i n e r a l  p rocess ing  enyineer ine  o f f e r s  another  

Fuels  P.esea& 

3 e f o r e  1973, l i t t l e  a c t i v i t y  bras apparent  i n  f u e l  research.  
From t h e  e a r l y  1960's. Llie state had supported e f f o r t s  f r o n  a seni- 
autonoc:ous Coal Kcsearch Bureau t o  f ind ,  develoy, and i n c r e a s e  r a r k e t s  
f o r  West Vi rg in ia  c o a l .  The fund supported academic research  and tech-  
nologica l  development t o  a c e r t a i n  e x t e n t .  S ince  1976. iiowever. a 
cons iderable  and i n c r e a s i n g  p o r t i o n  of an ever - la rger  budget has  been 
a l l o c a t e d  under a new charter t o  academic researchers  working i n  an 
independent mode. The a d m i n i s t r a t i o n  of t h e  research  p a n t  procedure 
has  been placed under the d i r e c t i o n  of a Provost  and a committee of 
u n i v e r s i t y  f a c u l t y  and a d m i n i s t r a t o r s .  
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Tile e f f e c t  has  y e t  t o  be eva lua ted .  tiowever, many excellent aca- 
deniicians ciiose t o  a r p l y  t:ieir e x p e r t i s e  t o  tile s o l u t i o n  on f u e l s  o r i e n t e d  
problem.  Broad, univers i ty-wide.  r e p r e s e n t a t i o n  amonx t h e  r e s e a r c h e r s  
has become apparent .  “is p a r t  of t h i s  e f f o r t ,  tiie c i ien is t ry  department  
and tile phys ics  departoiexit expanded their rescarch  e f f o r t s  on i u c l s .  
Chei-is t r y  has  aimed toward f u e l s  coi:ibustion niechanises nnd has  addi -  
t i o n a l  suppor t  from i n d u s t r y  and covernrient. Supported by state funus,  
physics  is i n v e s t i g a t i n g  magnetic e f f e c t s  i n  p y r i t e  as a f u n c t i o n  oE 
temperature. 

Addi t iona l  ILe9onse t o  Need _ - ~ _ -  
Two goals  were v i s u a l i z e d  f o r  tlie LVU f u e l s  s c i e n c e  and enrineerinc! 

programs i n  tiie l i c h t  o f  s o c i e t y ’ s  need f o r  enercy and chemical feed-  
s t o c k s  and t h e  s t u d e n t s  need f o r  p r e p a r a t i o n  i n  a cha l lenging  and re- 
warding c a r e e r .  

S o c i e t y ‘ s  need i s  l i k e l y  t o  be  met by u t i l i z a t i o n  of a p l e n t i f u l  
f u e l  resource  o r  by the conversion of a p l e n t i f u l  r e s e r v e  t o  a resource ,  
Tne a r e a s  of need t o  be served are f o r  process  p l a n t  and u t i l i t y  f u e l ,  
n ie ta l lurg ica l  coke, s u b s t i t u t e  n a t u r a l  gas  and s y n t h e t i c  petroleum. Tile 
area of cha l lenge  i s  extended through t h e  s c i e n c e  and technology of  
u t i l i z a t i o n  b u t  w i t h  p a r t i c u l a r  a t t e n t i o n  t o  tlie chemical r e a c t i o n s  in-  
volved. 

The f u e l s  s c i e n c e  and engineer ing  programs a t  1WJ are c a r e e r  
or ien ted .  O r i e n t a t i o n  f o r  a c a r e e r  i s  t o  be  viewed w i t h i n  t h e  
broad framework of  degree  candida tes  who w i l l  s o l v e  technologica l  
p r o b l e m  which are real and p r e s e n t .  The expec ta t ion  i s  h izh  t h a t  the  
c a r e f u l  s e l e c t i o n  of  s t u d e n t s ,  e s p e c i a l l y  a t  t h e  graduate  l e v e l s ,  and 
t h e  stress i n  t h e  programs upon p r i n c i p l e s  and t h e i r  r i z i d  a p p l i c a t i o n  
w i l l  produce f u t u r e  problem s o l v e r s .  

The e d u c a t i o n a l  phi losophy a t  the  u n i v e r s i t y  has  been one o f  per- 
missiveness ,  f l e x i b i l i t y ,  and encouragement r a t h e r  than coerc ion  i n  t h e  
motivat ion and d i r e c t i o n  of  s t u d e n t s .  

Organizat ion 

Organiza t iona l  responses  have been q u i t e  v a r i e d .  

Fue ls  s c i e n c e  prop,rams and c o u r s e s  at hW are concent ra ted  i n  t h e  

Some programs 
cross  o r g a n i z a t i o n a l  l i n e s  whi le  o t h e r s  are w i t h i n  academic u n i t s .  

College of  H i n e r a l  and Energy Resources; t h e  College of Engineer ing,  and 
t h e  College of A r t s  and Sciences.  The College of X n e r a l  and Energy 
Resources w a s  au thor ized  i n  January  1575 t o  o f f e r  programs l e a d i n g  t o  
t h e  Bachelor of  Science,  and Naster of Science Degrees i n  minera l  pro- 
c e s s i n g  engineer ing ,  complenenting long e x i s t i n g  degree programs i n  
mining engineer ing  and petroleum engineer ing .  In 1576, access  t o  t h e  i n -  
t e r d i s c i p l a i n a r y  Ph.U decree  wi th  t h e  Col lege  of Engineer ing w a s  
au thor ized .  Two o p t i o n s  a r e  s t r e s s e d :  one i s  i n  c o a l  p r e p a r a t i o n  
and t h e  o t h e r  i s  i n  c o a l  conversion.  Considerable  support  i n  t h e s e  
e f f o r t s  were r e q u i r e d  and obta ined  from t h e  Department of Chemical 
Engineering. 
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EDUCATION I N  FUELS ENGINEERING 
AT lHE UNIVERSITY OF UTAH 

David M. Bodily 

Department of Mining, Metallurgical and Fuels Engineering 
University of Utah 

Salt Lake City, U t  84112 

The Fuels Engineering Program a t  the University of Utah was 
established i n  1946. 
specialized training i n  foss i l  fuel technology . 
W.D. degrees were offered through the Department of Fuel Technology 
which became par t  of the State College of Mines and Mineral Industries. 
The Department rapidly distinguished i t s e l f  for research and graduate 
stusy, aithough student enroilments were not large. 
inception, 13 B.S. degrees, 1 2  M.S. degrees, and 44 Ph.D. degrees have 
been granted. During recent years, the program has grown i n  s ize  and 
the undergraduate program has been revitalized and strengthened. Recent 
enrollment trends a re  shown i n  table 1. The name of the degree has been 
changed from Fuel Technology to Fuels Engineering and the program is now 
part  of the Department of Mining, Metallurgical and Fuels Engineering. 

The need was recognized for  students w i t h  
The B.S., M.S., and 

Since its 

Undergraduate Program 

With the influx of students into the undergraduate program, the 
curriculum has been revised and new courses have been inst i tuted.  
students take a common core program w i t h  Chemical and Metallurgical 
Engineers during the Freshman and Sophomore years and about one-half of 
the Junior years. 
of the University; general, organic and physical chemistry; mathematics 
through calculus and different ia l  equations; engineering physics; and 
engineering courses such as  process engineering, thermodynamics, strength 
of materials, mass transfer, f luid mechanics and heat transfer. 'During 
the Junior and Senior years t he  student takes required advanced under- 
graduate fuels courses from the l ist  shown i n  table 2 .  
17 courses are  required. 
requirements from fuels  or related courses. 

Fuels 

This consists of the Liberal Education requirements 

Eleven of the 
The student also must f i l l  technical elective 

The energy problems of the United States have brought attention to 
energy studies and at t racted many students to  fuels engineering. 
scholarships are available to  outstanding students. 
students of high a b i l i t y  to the program. 

students as par t  of the Liberal Education program. 
when it was first introduced i n  1970, but i n  recent years i t  has been 
offered each quarter to large enrollments. 
to provide non-technical students with a background concerning energy 
problems so that they may function more effectively as citizens and as  
energy consumers. 

Several 
This has at t racted 

"Energy and Man'' is a course designed for non-science or engineering 
Enrollments were low 

The purpose of this  course is 
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Graduate Program 

Graduate students enter the program with degrees primarily i n  
chemical engineering or  chemistry. 
basic engineering courses in  addition to the graduate degree requirements 
About one-third of the course work for an advanced degree must come 
from outside fuels engineering. 
student m u s t  also have representation from outside fuels engineering. 
Graduate courses are shown i n  table 2. 

Chemistry majors must take several 

The graduate committee of each graduate 

Major areas of research for graduate degrees a t  the present time 
include liquefaction and gasification of coal, analysis of coal-derived 
liquids, upgrading of synthetic liquid fuels, t a r  sand processing, coal 
structure and reactions, and catalysis. 

The Fuels Engineering program attempts t o  t ra in  professionals 
w i t h  a basic background i n  engineering and the physical sciences and 
specialized training inthe chemistry and processing of foss i l  fuels. 
I t  is experiencing rapid growth a t  both the undergraduate and graduate 
level. The teaching and research faculty has grown to nine persons. 
Future growth is d i f f icu l t  to predict due to  many uncertain factors. 
demand for professionals With this type of training is expected to be 
strong . 

The 

TABLE 1. - Fuels Engineering Enrollment 

73/74 74/75 75/76 76/77 

Freshman 1 4 1 2  18 
Sophomore 1 6 8 1 2  
Junior 2 2 8 6 
Senior 1 2 4 7 

Total undergraduate 5 1 4  32 43 

M.S. candidates 7 7 1 0  15 
Ph.D. candidates 1 4  13 16 1 7  

Total graduate 2 1  20 26 32 
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TABLE 2 .  - Fuels Engineering Courses 

Lower Division 

Introduction to Process Engineering 
Energy and Man 
Fundamentals of Process Engineering 
Physical Chemistry of Mineral Systems 

Advance Undergraduate and Beginning Graduate 

Senior Project 
Field Trip 
Introduction t o  Heterogeneous Catalysis 
Recovery of Fossil Fuels 
Chemicals from Petroleum 
Catalyst Preparation, Characterization, and Testing 
Catalysis Laboratory 
Chemistry of Fossil Fuels 
Mineral Fuel Testing 
Mineral Instrunentation 
Conversion of Coal to Other Energy Forms 
Energy Resources and Their Utilization 
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Properties and Reactions of Coal and Coke 
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INTRODUCTION 

Fuels  Science and Engineer ing i s  a wide ranging t o p i c  t h a t  has  been 
descr ibed  a s  t h e  i n t e r d i s c i p l i n a r y  s u b j e c t  par exce l lance .  
o f t e n  divided i n t o  t h r e e  pr ime t o p i c s :  Product ion of  f u e l s ;  Fue l  p r e p a r a t i o n  
and Benef ica t ion ;  and U t i l i z a t i o n .  Product ion covers  mining of c o a l ,  and 
petroleum and n a t u r a l  gas r e s e r v o i r  engineer ing .  P r e p a r a t i o n  c o v e r s  c l e a n i n g ,  
crushing,  gr inding ,  and r e l a t e d  a s p e c t s  of coa l  b e n e f i c a t i o n ,  w i t h  r e f i n e r y  
engineer ing  and r e l a t e d  o p e r a t i o n s  f o r  o i l  and gas .  U t i l i z a t i o n  is t h e  f a c e t  
t h a t  f u e l s  educat ion most commonly focuses  on, and i s  p r i m a r i l y  concerned wi th  
combustion and r e l a t e d  u s e s  of a l l  f u e l s  i n  a l l  a p p l i c a t i o n s .  The proper  
conten t  of  f u e l s  educa t ion  i s  d iscussed  i n  more d e t a i l  below: t h e  broad scope 
of t h e  s tudy of f u e l s  from t h e  s c i e n t i f i c  t o  t h e  engineer ing  a s p e c t s  i s  o f t e n  
t i t l e d  Fuel  Technology*. 

PERSPECTIVE 

The t o t a l  scope i s  

To t h e  o u t s i d e r  viewing Fuel  Technology i n  t h e  contex t  of todays energy 
famine i t  must s u r e l y  appear  to  be t h e  s u b j e c t  of  g r e a t e s t  t e c h n i c a l  importance 
i n  t h e  curr iculum of any u n i v e r s i t y  o r  s imi la r  t r a i n i n g  i n s t i t u t e .  Such a view 
is  n o t  supported by t h e  f a c t s ,  however. 
anomalous p o s i t i o n .  Although f u e l  technology h a s  been a rewarding s u b j e c t  f o r  
s tudy  and a p p l i c a t i o n  f o r  many decades -- one  might even s a y ,  c e n t u r i e s  -- it 
has  s t i l l  never  had t h e  academic prominence o r  even r e c o g n i t i o n  of o t h e r  tech-  
nologies  such a s  chemical engineer ing ,  meta l lurgy ,  ceramics ,  and so f o r t h .  
There a r e  be l ieved  t o  be less than h a l f  a dozen u n i v e r s i t i e s  o r  i n s t i t u t e s  i n  
t h e  world wi th  formal  academic programs l e a d i n g  t o  degrees  i n  Fuel  Technology. 
Fue l  Science,  o r  Fue ls  Engineer ing,  and t h e  numbers, i n  f a c t ,  have been d e c l i n i n g .  
There is  l i k e w i s e  no c e n t r a l  recognized p la t form o r  j o u r n a l  f o r  t h e  t o t a l  range 
of t h e  t o p i c s  of concern i n  Fuel Technology. I n t e r e s t  is s c a t t e r e d  over  many 
semi-special ized Socie ty  d i v i s i o n s  and j o u r n a l s .  In  a word, Fue l  Technology 
does not ,  a t  p r e s e n t ,  have t h e  r e c o g n i t i o n  of  be ing  a formal  academic d i s c i p l i n e  
wi th  a formal body of knowledge (even though t h i s  e x i s t s )  t h a t  p r a c t i t i o n e r s  
should know i f  they  are t o  claim t h e  a u t h o r i t y  o f  speaking as f u e l  t e c h n o l o g i s t s .  
Only i n  s p e c i a l i z e d  cases  such as power and propuls ion  systems ( a  m i n o r i t y  branch 
of f u e l  technology) does something l i k e  a formal  t r a i n i n g  exist. I n d u s t r i a l  
p r i n c i p l e s  and a p p l i c a t i o n s ,  which r e p r e s e n t  over  40% of  n a t i o n a l  energy use,  
are mostly unknown and untouched. 
p a s t ,  p a r t l y  by d e f a u l t ,  of appoin t ing  f u e l  engineers ,  managers, s u p e r v i s o r s ,  
o r  c o n t r o l l e r s ,  from those  i n  t h e  ranks  of o t h e r  engineer ing  p r o f e s s i o n s  such 
as chemical, m e t a l l u r g i c a l ,  ceramic, and mechanical engineer ing .  

Fue ls  educa t ion  i s  i n  a c u r i o u s l y  

I n d u s t r y  has  t h e r e f o r e  had t h e  h a b i t  i n  t h e  

The problem has  been t h a t  s i n c e  f u e l s  w a s  everyone 's  b u s i n e s s ,  i t  was 
no-one's bus iness .  In each i n d i v i d u a l  segment o f  i n d u s t r y  t h e  t o p i c  of  f u e l  use  
w a s  e s s e n t i a l l y  a n  appendage, with i n d i v i d u a l  s o l u t i o n s  t o  very  s i m i l a r  problems 
be ing  developed i n  t h e  d i f f e r e n t  process  s e c t o r s  -- f e r r o u s  and non-ferrous 
o p e r a t i o n s ,  g l a s s ,  ceramics ,  r e f i n e r y  s t i l l s ,  cement manufacture ,  and s o  f o r t h .  

*"Technology" i s  used h e r e  i n  t h e  same s e n s e  a s  i n  M . I .  of Technology, o r  C . I .  
of Technology, e t c .  
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In u n i v e r s i t y  c u r r i c u l a ,  where process  meta l lury  and ceramics ,  and t h e  l i k e ,  
a r e  s t i l l  thought t o  b e  impor tan t ,  f u e l s  a r e  d iscussed  most ly  i n  t h e  contex t  
of t h e  single indus t ry .  In t h e  o t h e r  engineer ing  a r e a s ,  emphasis tends  t o  
be s o l e l y  on power systems and, as observed by Smith and St inson  (1) 25 y e a r s  
ago: "It has been (our )  o b s e r v a t i o n  t h a t  t h e  genera l  t rea tment  of f u e l s  and 
combustion is many t imes  s l i g h t e d  i n  engineer ing  c u r r i c u l a ,  even though t h e  
combustion process  i s  a v i t a l  l i n k  i n  power c y c l e s .  
f u e l s  and combustion a r e  p r e s e n t e d ,  in  p a r t ,  through courses  i n  s team power, 
internal-combust ion engines ,  h e a t i n g  and v e n t i l l a t i n g ,  and l a b o r a t o r y ,  wi th  
l i t t l e  coord ina t ion  o r  c o n t i n u t y  of  t h e  m a t e r i a l  p resented  i n  t h e  v a r i o u s  courses .  
The r e s u l t  many t i m e s  i s  an incomplete  coverage of  e i t h e r  f u e l  technology o r  
combustion, and u s u a l l y  a meager concept i s  obta ined  of t h e  a c t u a l  chemical 
processes  of burning."  T h i s  o b s e r v a t i o n  would s t i l l  seem to b e  s u b s t a n t i a l l y  
t r u e .  Only i n  t h e  p r o p u l s i o n  s p e c i a l t i e s  (gas  t u r b i n e s  and r o c k e t s )  would t h e r e  
seem t o  have been any s i g n i f i c a n t  change. 

Frequent ly  t h e  t o p i c s  of 

, 
This f ragmenta t ion  of f u e l  technology,  however, does not  seem t o  have 

hoam tnn p 4 m - 4 6 ; n m - t  a -  CL- ,.--+. < +  ._-.. 1-1 1.- !---a c- - - ~ ~  + ~ - r  : -J . . - - - z -?  
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development h a s  r e a l l y  been h indered  by t h i s .  So does it mat te r  f o r  t h e  f u t u r e ?  
The answer woidd see3 t o  b e  a decided:  Pes !  The p a t t e r n  of t h e  d i s t a n t  indus t -  
r ial  p a s t  was a g e n e r a l l y  a c c e l e r a t i n g  use  of f u e l ,  i n i t i a l l y  of wood and char- 
c o a l  and subsequent ly  of  c o a l ,  during which t h e r e  was ample time (decades)  f o r  
t h e  most p a r t  t o  develop n e c e s s a r y  techniques by e s s e n t i a l l y  unt ra ined  i n v e n t o r s  
and developers  (who o f t e n  became h i g h l y  s k i l l f u l  by on-the-job t r a i n i n g ) .  
p a t t e r n  of t h e  more r e c e n t  p a s t  ( t h e  l a s t  50 y e a r s )  was then  a process  of f u r t h e r  
i n d u s t r i a l  development based ,  f i r s t ,  on o i l ,  then on gas.  The t r e n d  was t o  more 
e a s i l y  used and p r o p o r t i o n a t e l y  cheaper  f u e l s .  A r e t u r n  t o  c o a l  o r  coal-based 
f u e l s  means r e v e r s i n g  t h a t  t r e n d .  The f u e l s  w i l l  be more expensive and more 
d i f f i c u l t  t o  use .  It is  n o t  s imply a mat te r  of r e v e r t i n g  t o  p a s t  t echnologies .  
The u s e  of o i l ,  and p a r t i c u l a r l y  gas  allowed ( l a r g e l y  ad-hoc) improvements i n  
p r e c i s i o n  of f i r i n g  furnaces :  temperature  c o n t r o l ,  meter ing,  burner  c y c l i n g ,  
and so f o r t h ;  and o p e r a t o r s  w i l l  cont inue  t o  expec t ,  o r  demand a s  e s s e n t i a l ,  
s i m i l a r  p r e c i s i o n  and e a s e  of f i r i n g .  The s c a l e  of t h e  problem, i n  terms of 
f u e l  tonnages consumed h a s  a l s o  increased:  
quadrupled i n  t h e  last  h a l f  cen tury .  
t h a t  makes r e t u r n  t o  c o a l  s o  much more d i f f i c u l t .  

The 

t o t a l  energy consumption has  almost 
There a r e  a l s o  environmental  c o n s t r a i n t s  

A s  a r e s u l t  o f  th i s  p a t t e r n ,  t h e r e  is indeed evidence now of a n  
i n c r e a s i n g  demand f o r  f u e l s  s p e c i a l i s t s  wi th  a much h i g h e r  l e v e l  of educa t ion .  
The p a s t  p r a c t i c e  of  on-the- job t r a i n i n g  (which l e d  t o  many re - invent ions  of 
t h e  wheel) can b e  expected t o  d isappear .  It t a k e s  too  long;  i t  can l e a v e  t o o  
many gaps in knowledge; it is l i k e l y  t o  b e  t o o  s p e c i l i z e d  which makes f o r  
i n f l e x i b i l i t y ;  and t h e r e  i s  u s u a l l y  time only  t o  a t t a i n  a r e l a t i v e l y  elementary 
l e v e l  of understanding t h a t  can  b e  f a r  s h o r t  of what i s  r e q u i r e d  today. 

The demand must i n c r e a s i n g l y  be m e t  by t r a i n i n g  a t  t h e  u n i v e r s i t y  l e v e l ,  
bu t  t h i s  p r e s e n t s  s e v e r a l  problems. There a r e  t o o  few s c h o o l s  a t  p r e s e n t  wi th  
even a pre tence  a t  a r e a s o n a b l e  coverage of  t h e  f i e l d  of knowledge t h a t  can be  
c a l l e d  Fuel Technology, and t h e s e  schools  a r e  almost unknown t o  l a r g e  s e c t i o n s  
of indus t ry ,  t o  o t h e r  u n i v e r s i t i e s ,  and to  v i r t u a l l y  a l l  p r o s p e c t i v e  s t u d e n t s .  
There i s  even ignorance i n  some academic q u a r t e r s  of what academic o r  formal  
t r a i n i n g  coverage can be  provided  i n  t h e  f i e l d  of f u e l  technology so t h a t  p lans  
to expand course coverage can b e  he ld  up or w i l l  be  incomplete  on account  of t h a t  
l a c k  of  knowledge, and l a c k  of necessary  t e a c h i n g  manpower. (This ,  f u r t h e r ,  
ignores  t h e  p r e s e n t  c o n s t r a i n t s  on u n i v e r s i t y  funding t h a t  makes curr iculum 
enlargement d i f f i c u l t  t o  i m p o s s i b l e  in  may c a s e s . )  
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It is  understood t h a t  t h i s  Meeting (on Fuels  Science and Engineer ing 

In  t h i s  paper ,  c o n t r i b u t i o n s  t o  t h r e e  a s p e c t s  a r e  presented .  
Education) a t  which t h i s  paper  i s  presented  is designed t o  develop s o l u t i o n s  t o  
t h e s e  problems. 

WHAT I S  FUEL TECHNOLOGY? 

The broad scope  of  f u e l  technology (or  s c i e n c e  and engineer ing)  i s  
o u t l i n e d  i n  t h e  I n t r o d u c t i o n .  It can be  summarized as: t h e  s tudy  of f u e l  i n  
s c i e n c e  and p r a c t i c e .  For t h e  development of c u r r i c u l a ,  something w i t h  g r e a t e r  
p r e c i s i o n  and more d e t a i l  i s  r e q u i r e d  f o r  s e t t i n g  t h e  boundaries  t o  t h e  f i e l d  
and f o r  i d e n t i f y i n g  i n d i v i d u a l  s u b j e c t  o r  t o p i c s .  

Fuel technology i s  broadly  concerned w i t h  t h e  u t i l i z a t i o n  of f o s s i l  
f u e l s  and of t h e i r  manufactured and r e l a t e d  d e r v a t i v e s ,  inc luding  t h e  process  
of manufacture of t h e  secondary f u e l s  (by g a s i f i c a t i o n  and l i q u e f a c t i o n ) .  It 
should a l s o  inc lude  some degree of s tudy of t h e  sources  and r e s e r v e s  o f  c o a l ,  
o i l ,  gas ,  and o t h e r  p o t e n t i a l  f u e l s  ( i n c l u d i n g  s h a l e s ,  t a r  sands ,  s o l i d  was te ,  
e t c . ) .  Also s i g n i f i c a n t  are t h e  p h y s i c a l  and chemical p r o p e r t i e s ,  methods o f  
a n a l y s i s ,  chemical s t r u c t u r e ,  and methods of p r e p a r a t i o n  (c leaning ,  dry ing ,  
gr inding ,  d i s t i l l a t i o n ,  sc reening ,  e t c . ) .  

U t i l i z a t i o n  is s t i l l  t h e  c o r e  of f u e l  technology. This  means: produ- 
c a t i o n  of power; use  f o r  process ing;  and secondary f u e l  manufacture f o r  u l t i m a t e  
use as gas, l i q u i d ,  o r  s o l i d ,  i n  power and process ing .  U t i l i z a t i o n  depends on 
knowledge of f u e l s  r e a c t i v i t y  -- React ion  K i n e t i c s  a p p l i e d  t o  s o l i d ,  l i q u i d ,  o r  
gaseous f u e l s .  
aerodynamics) and h e a t  t r a n s f e r  (mainly r a d i a t i v e ) .  S p e c i f i c  technologica l  sub- 
jects of importance t h a t  r e p r e s e n t  a p p l i c a t i o n  of fundamentals i n c l u d e ,  i n  
p a r t i c u l a r :  flame chemistry;  flame propagat ion  theory ;  carbon and c o a l  r e a c t i o n s ;  
r e a c t o r  and flame hold ing  theory;  furnace  a n a l y s i s ;  r a d i a t i v e  p r o p e r t i e s  of f lames;  
and scale-up methods f o r  p i l o t  p l a n t s .  

It a l s o  r e q u i r e s  a p p l i e d  knowledge of  f l u i d  mechanics (combustion 

These t o p i c s  are set i n  schematic  p e r s p e c t i v e  i n  F igs .  1 and 2 .  Figure  
1 i l l u s t r a t e s  t h e  o v e r a l l  p rocess  of  u t i l i z i n g  f u e l  t o  d e l i v e r  a u s e f u l  end 
product .  Input  i n c l u d e s  knowledge of  f u e l  and r a w  material s o u r c e s ,  p r e p a r a t i o n ,  
and supply t o  t h e  r e a c t o r .  Output l ists power, p rocess  use ,  manufactured f u e l s ,  
and e f f l u e n t s .  Reactor  o p e r a t i o n ,  or requirements  f o r  understanding t h e i r  
opera t ion ,  i s  i l l u s t r a t e d  i n  Fig.  2 ,  which shows t h e  r e l a t i o n s h i p  between t h e  
b a s i c  sc iences  and t h e i r  engineer ing  a p p l i c a t i o n .  

Supplementary t o  t h e  above, t r a i n i n g  i n  f u e l  technology must a l s o  
inc lude  such s u f f i c i e n t  understanding of t h e  power and process  o p e r a t i o n s  them- 
s e l v e s  t h a t  t h e  mechanical and o t h e r  a s p e c t s  of  t h e  furnaces  and engines  makes 
sense .  This  b r i n g s  i n  such a d d i t i o n a l  t o p i c s  as: h e a t  engine thermodynamics; 
furnace  thermodynamics; r e f r a c t o r y  behavior  and s e l e c t i o n ;  h e a t  t rea tment  
p r i n c i p l e s  (with emphasis on t h e  i ron /carbon diagram);  and e f f l u e n t  c o n t r o l  
(such a s ,  a i r  p o l l u t i o n  from combustion sources) .  

Fue ls  Education a t  Penn S t a t e  

In s p i t e  o f  t h e  wide ranging scope of Fuel  Technology, a t  t h e  Pennsylvania  
S ta te  Univers i ty  a l l  a s p e c t s  are covered i n  one Department or  another .  
Departments o r  S e c t i o n s  i n c l u d e  Chemical Engineer ing,  Mineral  Process ing ,  Petroleum 
and Natura l  Gas, Mining, Mineral  Economics, and t h e  Fuels  Science Sec t ion  of 
M a t e r i a l s  Science and Engineer ing wi th  some combustion and power a s p e c t s  i n  
Mechanical Engineer ing.  
and a d m i n i s t r a t i v e  u n i t  t h a t  t ies t o g e t h e r  a number of c l o s e l y  related r e s e a r c h  
a c t i v i t i e s  on c o a l  and carbons.  

Relevant  

In a d d i t i o n ,  t h e  Coal Research Sec t ion  i s  a r e s e a r c h  
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Most of t h e  t e a c h i n g  and r e s e a r c h  a c t i v i t i e s ,  however, a r e  centered  
i n  t h e  Fuel  Science S e c t i o n  of t h e  M a t e r i a l s  Science and Engineer ing Department. 
The o r i g i n a l  program s t a r t e d  n e a r l y  50 y e a r s  ago i n  t h e  Department of Fuel  Tech- 
nology, e s s e n t i a l l y  a s  an outgrowth of  graduate  courses  i n  c o a l  carboniza t ion  
and f u e l  u t i l i z a t i o n  i n  t h e  Department of  Metal lurgy.  Over t h e  per iod  1921-1931 
t h e s e  o r i g i n a l  courses  developed i n t o  an Option i n  Fuel  Technology, i n  t h a t  
Department, with undergraduate  i n s t r u c t i o n  i n  f u e l  t e s t i n g  and ca lor imet ry ,  
coking, c l a s s i f i c a t i o n  of c o a l s ,  l i q u i d  and gaseous f u e l s ,  carboniza t ion  and 
process ing  of c o a l s ,  and combustion and u t i l i z a t i o n  of s o l i d ,  l i q u i d ,  and 
gaseous f u e l s .  The s t r e n g t h  of  t h i s  o p t i o n  was such t h a t ,  i n  1932, a s e p a r a t e  
Department of Fuel  Technology w a s  c r e a t e d ,  g r a n t i n g  s imultaneously both under- 
graduate  and graduate  degrees  (B.S., M.S. and Ph.D.). In t h e  y e a r s  s i n c e  then,  
a t o t a l  of 180 s t u d e n t s  have graduated w i t h  t h e  bachelors  degree,  83 w i t h  t h e  
mas ters  degree,  and 115 w i t h  t h e  Ph.D. 

About 10 y e a r s  ago t h e  undergraduate  cur r icu lum w a s  c losed  because of 
very low enrol lment .  It w a s  then  obvious t o  everyone,  except  f o r  t h e  f a c u l t y  i n  
t h e  Fuel  Technology Department, t h a t  t h e r e  w a s  no f u r t h e r  f u t u r e  i n  c o a l ,  and 
l i t t l e  f u r t h e r  need f o r  f u e l  t e c h n o l o g i s t s  d e a l i n g  wi th  u t i l i z a t i o n  of o i l  and 
gas .  Ref lec t ing  t h a t  v i e w ,  t h e  S t a t e  L e g i s l a t u r e  dropped support  of a s p e c i a l  
c o a l  research  funding program. 
cheap t h a t  no s p e c i a l  knowledge was r e q u i r e d  f o r  i t s  ( i n e f f i c i e n t )  use .  It i s  
symptomatic of t h o s e  times t h a t ,  a s  remarked above, f u e l  engineers  i n  i n d u s t r y  
w e r e  almost u n i v e r s a l l y  drawn from t h e  ranks  of  t h e  o t h e r  engineer ing p r o f e s s i o n s ,  
wi thout  t r a i n i n g  i n  f u e l s ,  and w i t h  l i t t l e  awareness of  t h e  body of  knowledge 
t h a t  d i d  exist i n  f u e l  technology;  and t h i s ,  t o  some e x t e n t ,  i s  s t i l l  t h e  case  
today.  

In i n d u s t r y ,  f u e l  was so  easy t o  burn and so 

In 1969, t h e  f i r s t  ( p r e d i c t e d )  s h o r t a g e s  i n  i n t e r s t a t e  p i p e l i n e  gas 
supply showed up. I n  1970-1971, t h e  ( p r e d i c t e d )  peaking o f  n a t i v e  o i l  s u p p l i e s  
from t h e  lower 48 states a l s o  occurred .  
f o r  f u e l s  educat ion w a s  c l e a r l y  superb.  S ince  then ,  t h e  well-known cont roversy  
has  been rag ing  whether  t h e  f u e l  s h o r t a g e s  a r e  r e a l  o r  t h e  r e s u l t  of some con- 
s p i r a c y .  Wtih t h e  unders tanding  t h a t  t h i s  is a real problem, t h e  q u e s t i o n  of  
what i s  needed i n  f u e l s  educa t ion  is reopened wi th  dramat ic  force .  The c e n t r a l  
s i g n i f i c a n c e  of t h e  problem d e r i v e s  from t h e  c e n t r a l  s i g n i f i c a n c e  of energy i n  
d r i v i n g  t h e  i n d u s t r i a l  machine and modern c i v i l i z a t i o n ,  and t h e  awareness t h a t  
wi thout  f u e l  you are o u t  o f  bus iness .  

The t iming  on c o n t r a c t i o n  of suppor t  

I n  s p i t e  o f  the dropping of t h e  undergraduate  program, i n  t i m e  f o r  t h e  
start  o f  t h e  f u e l  s h o r t a g e s ,  (more a c c u r a t e l y ,  t h e  program dropped u s ) ,  s e n i o r  
l e v e l  and graduate  programs n e v e r t h e l e s s  cont inued.  
t h e  work the Department, bo th  undergraduate  and graduate ,  was focussed almost  
e n t i r e l y  upon c o a l  and c o a l - r e l a t e d  t o p i c s  -- what might b e  c a l l e d ,  wi thout  
p r e j u d i c e ,  c o a l  t e c h n i c s .  Following World War 11, however, t h e  scope of a l l  
programs was enlarged  t o  cover  t h e  c l a s s i c a l  range  of f u e l  technology t o p i c s :  
focuss ing  on  u t i l i z a t i o n ,  b u t  wi th  coverage increased  t o  inc lude  gaseous and 
l i q u i d  f u e l s ,  and on m a t e r i a l s  der ived  from f u e l s ,  no tab ly  carbons and g r a p h i t e s .  
Coal prepara t ion  and b e n e f i c i a t i o n  t h a t  were p a r t  of t h e  o r i g i n a l  Fuel  Technology 
Department program w e r e  moved about  t h a t  t i m e  i n t o  a new Department of  Mineral  
Prepara t ion .  

I n  t h e  e a r l y  y e a r s ,  a l l  

About t h e  t i m e  of t h e  demise of t h e  undergraduate  curr iculum, t h e  
o r i g i n a l  Department of Fuel  Technology ceased t o  be  a Department, and was absorbed 
(wi th  a small name change) a s  t h e  Fuel  Sc ience  Sec t ion  i n  t h e  (new) Department 
o f  M a t e r i a l s  Science and Engineer ing.  

306 



The c u r r e n t  scope of t h e  teaching  a c t i v i t i e s  i n  t h e  Fuel  Sc ience  Sec t ion  
is i l l u s t r a t e d  by Table  1 which lists, wi th  b r i e f  d e s c r i p t i o n s ,  t h e  p r e s e n t  course 
o f f e r i n g s  of  t h e  Sec t ion .  (The 400 numbers are senior -graduate  courses ,  and t h e  
500 numbers a r e  graduate  courses) .  
wi th  t h e  Fuel  Science Sec t ion  ( s e v e r a l  of whom a l s o  have a d d i t i o n a l  teaching  r e q i r e -  
ments i n  m a t e r i a l s  and r e l a t e d  s u b j e c t s ) .  There is a l s o  a r e l a t e d  c o u r s e  i n  c o a l  
petrography (Geol. 421). There are a l s o  o t h e r  c l o s e l y  r e l a t e d  c o u r s e s  on combustion, 
gas  t u r b i n e s ,  and more convent ional  mechanical engineer ing  courses  on power p l a n t s ,  
thermodynamics, and so f o r t h ,  i n  o t h e r  departments .  Inc luding  a s p e c t s  o f  petroleum 
product ion and r e f i n i n g ,  minera l  economic a s p e c t s  and r e l a t e d  t o p i c s ,  t h e r e  is a 
t o t a l  of some 1 5  t o  20 courses  a v a i l a b l e  a t  t h e  s e n i o r  and graduate  l e v e l s  t h a t  
can b e  proper ly  def ined  as p a r t  of Fuel  Technology. 

There are p r e s e n t l y  7 f a c u l t y  i n ,  o r  assoc ia ted  

The research  i n t e r e s t s  are of even wider  scope. These i n c l u d e  s t u d i e s  
of  gas lcarbon r e a c t i o n s ,  g a s i f i c a t i o n  of  carbon and c o a l ,  l i q u e f a c t i o n  of c o a l ,  
f u e l  c e l l s ,  and s o l a r  energy conver te rs .  
about  450 r e s e a r c h  papers  i n  t h e  p a s t  20 years .  

Fue ls  Education i n  t h e  Future  

The r e s e a r c h  has  been d e s c r i b e d  i n  

I f  Fuel Technology i s  s u f f i c i e n t l y  important  f o r  t h e  f u t u r e ,  t h e  
p a t t e r n  of t h e  p a s t  would sugges t  t h a t  new programs can be expected t o  come i n t o  
being,  wi th  courses  cover ing  p a r t  o r  a l l  of t h e  m a t e r i a l  o u t l i n e d  i n  t h e  Sec t ion  
d e f i n i n g  Fuel  Technology. A decade ago t h i s  would a l ready  have happened and new 
Departments would have come i n t o  e x i s t e n c e .  That t h i s  has  n o t  y e t  happened is 
almost  c e r t a i n l y  due t o  a number of f a c t o r s .  The most obvious has  been l a c k  of 
funds.  There has  a l s o  been u n c e r t a i n l y  as t o  t h e  r e a l  n a t u r e  and scope  of t h e  
f u e l s  problem, and u n c e r t a i n l y  over  t h e  real Federa l  commitment towards f u e l s .  
The t o p i c  has  lacked a c t i v i s t s  i n  t h e  manner of t h e  Environmental Spokesmen of  
a decade ago -- a f t e r  a l l ,  f u e l s  have been wi th  u s  a long t i m e :  
a s imple  problem, and d o n ' t  w e  a l r e a d y  know a l l  w e  need t o  know? Energy activists 
have tended to  promote n u c l e a r  electric (which must always b e  a minor energy source)  
o r  new developments i n  s o l a r ,  geothermal, and t h e  l i k e .  Also,  t h e r e  has  not  been 
a recognized combustion engineer ing  community o r  I n s t i t u t e  t o  speak f o r  t h e  f u e l s  
area a s  a whole. 

i s n ' t  i t  r e a l l y  

A more s u b l e  problem d e r i v e s  from t h e  c u r r e n t  small s i z e  of  t h e  f u e l s  
community. A program t h a t  w i l l  a t t r a c t  s t u d e n t s ,  and s u p p o r t e r s ,  must b e  v i s i b l e ,  
c r e d i b l e ,  and v i a b l e .  Without t h e  e x i s t e n c e  of a widely-recognized academic 
d i s c i p l i n e  a s i n g l e  Department of Fuels  l a c k s  v i s i b i l i t y ,  which makes r e c r u i t i n g  
d i f f i c u l t .  The program can a l s o  l a c k  c r e d i b i l i t y :  "If i t ' s  as important  as t h a t ,  
why a r e n ' t  t h e r e  more Departments?" Without more Departments, 
t h e  s u b j e c t  is b a r e l y  v i a b l e .  It w a s  on t h e s e  grounds t h a t  M.W. Thring on becoming 
Professor  of  Fuel  Technology a t  S h e f f i e l d  Univers i ty  (England) i n  1950 immediately 
en tered  ( successfu l )  n e g o t i a t i o n s  t o  have t h e  Department recognized as a j o i n t  
Department of Chemical Engineer ing.  

i s  a good q u e s t i o n .  

Counters t o  t h e s e  t h r e e  problems a r e  now forthcoming. The problem of 
v i s i b i l i t y  (and s i g n i f i c a n c e )  w a s  p a r t l y  so lved  by t h e  b e l a t e d  r e c o g n i t i o n  by 
t h e  Network News Anchor men t h a t  an energy problem of some s o r t  r e a l l y  d i d  
e x i s t .  C r e d i b i l i t y  w i l l  appear  when a number of f u e l s  departments ,  o p t i o n s ,  
c e n t e r s ,  programs, o r  s e c t i o n s  come i n t o  being:  t h i s  w i l l  a l s o  confer  t h e  
necessary v i a b i l i t y  t o  t h e  academic programs. 

The necessary  c e n t e r s  would a l r e a d y  appear  t o  be  i n  embryonic e x i s t e n c e .  
This  has  been e s t a b l i s h e d  i n  t h e  fo l lowing  way. We have c a r r i e d  o u t  a s e a r c h  of  
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t h e  l i s t i n g s  on f u e l s  and f u e l - r e l a t e d  courses  i n  t h e  Course Cata logs  of Univer- 
s i t i e s  i n  North America. We have i d e n t i f i e d  a t o t a l  of about 500 such courses  
o f f e r e d  i n  about  120 U n i v e r s i t i e s .  Although t h i s  averages 4 courses  per  Univers i ty  
about  h a l f  o n l y  o f f e r  3 courses  o r  less. About 1 / 3  of t h e  courses  a r e  o f f e r e d  
by only  1 4  i n s t i t u t i o n s ,  each o f f e r i n g  9 o r  more such courses .  These U n i v e r s i t i e s  
a r e  i d e n t i f i e d  i n  Table  2 t o g e t h e r  wi th  t h e  t o t a l  number of courses  they  o f f e r .  
Table  2 a l s o  shows two o t h e r  columns. I n  t h e  Course i n d e n t i f i c a t i o n ,  a l l  con- 
v e n t i o n a l  (though n e c e s s a r y )  courses  i n  t r a n s p o r t  phenomena, h e a t  t r a n s f e r ,  
r e a c t i o n  or chemical k i n e t i c s ,  power systems thermodynamics of h e a t  engines ,  and 
t h e  l i k e ,  were omi t ted .  Topics  on i n d u s t r i a l  combustion engineer ing ,  f lames,  
p ropuls ion ,  combustion aerodynamics, p o l l u t i o n  from combustion, and so  f o r t h ,  
were included.  I n  a f i r s t  breakdown of t h e  t o t a l ,  t h e  e s t a b l i s h e d  engine,  gas  
t u r b i n e ,  p ropuls ion ,  and r e l a t e d  power and aerospace t o p i c s  were des igna ted  a s  
a Group 11. S u b t r a c t i n g  from t h e  t o t a l  l e a v e s  Group I ( l i s t e d  i n  Table  2 ) ,  which 
a r e  mostly t h e  more i n d u s t r i a l l y  o r i e n t e d  combustion, p o l l u t i o n ,  and fundamental 
f lames courses .  I n s p e c t i o n  of t h e s e  then shows t h a t  f u e l s  and combustion w a s  
e v i d e n t l y  t h e  major t o p i c  i n  some courses ,  b u t  was of minor o r  secondary i n t e r e s t  
i n  t h e  rest. Group I A  i n  Table  2 is t h e  number of courses  i d e n t i f i e d  a s  having 
f u e i s  and combustion a s  t h e  major t o p i c  [wi th in  what could b e  i d e n t i f i e d  by t h e  
course  d e s c r i p t i o n s ) .  

Before d i s c u s s i n g  t h e  breakdown, some cavea ts  and d i s c l a i m e r s  a r e  i n  
order .  Course o f f e r i n g s  of most u n i v e r s i t i e s  were examined, b u t  n o t  a l l  (we 
were unable t o  o b t a i n  t h e  Harvard Univers i ty  Catalog,  f o r  example). The d iscrep-  
ancy between course  d e s c r i p t i o n  and course conten t  is wel l  known and r e q u i r e s  
no comment. S e l e c t i o n  of  t h e  courses  ( o r  t h e i r  omission)  involved a v a l u e  judge- 
ment t h a t  was d i f f i c u l t  t o  e x e r c i s e  i n  q u i t e  a number of c a s e s ,  p a r t i c u l a r l y  
where course d e s c r i p t i o n s  were vague, wide ranging and c u t  a c r o s s  s e v e r a l  t o p i c s ;  
members of i n d i v i d u a l  u n i v e r s i t i e s  may w e l l  make a somewhat d i f f e r e n t  s e l e c t i o n .  
The breakdown does not  d i f f e r e n t i a t e  between s e n i o r  l e v e l  courses  ( t h a t  can 
i n d i c a t e  s t r e n g t h  i n  t e a c h i n g )  from graduate  l e v e l  courses  ( t h a t  can i n d i c a t e  
s t r e n g t h  i n  r e a s e a r c h ) .  There is e v i d e n t l y  
a c o r e  of about  a dozen U n i v e r s i t i e s  wi th  s t r e n g t h  i n  f u e l s  o r  f u e l - r e l a t e d  
a c t i v i t i e s .  About h a l f  a r e  more engine o r  propuls ion  o r i e n t e d  (Cal Tech, Michigan, 
Purdue, Wayne S t a t e  i n  p a r t i c u l a r ) .  
r i a l l y  o r i e n t e d ,  o r  showing equal  weight wi th  engine /propuls ion  a s p e c t s  (notably 
Penn S t a t e ,  Georgia Tech, I I T ,  MIT). 

It would appear ,  then, t h a t  a Fuel  Technology and Combustion Engineer ing 

A c l e a r  p a t t e r n  n e v e r t h e l e s s  e x i s t s .  

The o t h e r  h a l f  a r e  more fundamental ly/ indust-  

community and c o n s t i t u e n c y  does e x i s t .  
should grow. There a r e  c o n s t r a i n t s :  funding o r  t h e  l a c k  of it is t h e  most 
impor tan t ,  b u t  t h e r e  i s  a l s o  a shor tage  of manpower. What else could happen if 
t h e  subjec t  has  been short-changed f o r  so long? It is a l s o  n o t  c l e a r  whether t h e  
c e n t e r  of g r a v i t y  of F u e l  Technology proper ly  l i e s  i n  t h e  mining, mechanical ,  
chemical ,  o r  even m e t a l l u r g i c a l  o r  some o t h e r  engineer ing  a r e a .  Perhaps t h e  b e s t  
means of expanding F u e l s  programs would be  by c r e a t i n g  Options o r  Minors i n  Fuel  
Technology i n s i d e  e x i s t i n g  Departments of d i f f e r e n t  d i s c i p l i n e s .  This  would not  
over load  the a v a i l a b l e  manpower, and would e i t h e r  provide  t ime f o r  an e v a l u a t i o n  
of  t h e  s u b j e c t  matter t o  s e e  where i t  b e s t  l i e s  o r  i t  would s o l v e  t h e  problem by 
having a d i f f e r e n t  b i a s  -- mechnaical ,  o r  chemical ,  o r  some o t h e r  -- i n  d i f f e r e n t  
i n s t i t u t i o n s .  This  may prove indeed t o  be t h e  only  f e a s i b l e  method of provid ing  
adequate  coverage of t h e  whole a r e a  of F u e l  Technology. I n  c o u r s e  of t ime,  such 
Options and Minors might expand i n t o  Sec t ions  i n s i d e  t h e  p a r e n t  Department, and 
u l t i m a t e l y  t h e  S e c t i o n s  could  become Departments. 
r e a l  need r a t h e r  than  a forced  growth based on e x p e c t a t i o n s  i s  obvious ly  a pre-  
f e r r e d  behavior .  It is probably  n o t  necessary  o r  even d e s i r a b l e  f o r  t h i s  t o  be  
accompanied by t h e  development of t h e  usua l  paraphanal ia  of Departments, r i g i d  

There can be  a ques t ion  a s  t o  how i t  

An organic  growth based on 

308 



curr icula ,  I n s t i t u t e s ,  J o u r n a l s ,  and t h e  l i k e ,  s o  long as t h e r e  a r e  s u f f i c i e n t  
c e n t e r s  of  Fuel  Technology t h a t  recognize  each o t h e r  and whose s t a n d i n g  is 
acknowledged and made use  o f .  The c r i t e r i a  of v i s i b i l i t y ,  c r e d i b i l i t y ,  and 
v i a b i l i t y  must be  m e t .  

CONCLUSIONS 

A coherent ,  s i g n i f i c a n t ,  and important  body of knowledge r e p r e s e n t i n g  
Fuel  Technology does e x i s t ,  t o g e t h e r  wi th  a p r a c t i c a l  reason f o r  its e x i s t e n c e .  
Between ha l f  a dozen and a dozen Fuel  Technology c e n t e r s  a l s o  e x i s t  a l r e a d y ,  a t  
least embryonically. 
research  a l s o  e x i s t s .  
and t o  be recognized as a s i g n i f i c a n t  academic and p r a c t i c a l  d i s c i p l i n e  i n  its 
own r i g h t .  

An academic framework f o r  t h e  necessary i n s t r u c t i o n  and 
It would seem t h a t  Fuel  Technology is ready t o  come of age  
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F.Sc. 421 

F.Sc. 422 

F.Sc. 424 

F.Sc. 430 

F.Sc. 431 

F.Sc. 506 

F.Sc. 512 

F.Sc. 520 

F.Sc. 522 

Table  1 

Courses i n  Fuel  Science 

Flames. Fundamentals of premixed and d i f f u s i o n a l  combustion. 

Combustion Engineer ing.  P r i n c i p l e s  of  i n d u s t r i a l  combustion and 
g a s i f i c a t i o n  engineer ing .  

Energy and F u e l s  i n  Technological  Perspec t ive .  Cri t ical  examination 
of  present-day energy technology. 

A i r  P o l l u t a n t s  from Combustion. Pol lutant-forming processes ;  p o l l u t a n t  
p o t e n t i a l  of  v a r i o u s  f u e l s  and combustors; combustion modi f ica t ion  and 
p o l l u t i o n  c o n t r o l .  

The Chemistry of Fuels .  O r i g i n s  and p r o p e r t i e s  o f  t h e  f o s s i l  f u e l s :  
c o a l s ,  o i l s ,  gas .  Coal l i q u e f a c t i o n  and g a s i f i c a t i o n .  

Carbon React ions.  Heterogeneous r e a c t i o n s  of carbons. The s c i e n t i f i c  
base  f o r  c o a i  g a s i f i c a t i o n .  

High Temperature K i n e t i c s  and Flame Propagat ion.  E q u i l i b r i a  and rate 
processes  i n  h o t  gases ;  f lames;  de tona t ions .  

Thermodynamics and K i n e t i c s  of Fuel  Ef f ic iency .  Thermodynamic and 
k i n e t i c  c o n s t r a i n t s  on e f f i c i e n c i e s  of  thermal  systems; e f f i c i e n c y  
ratios; f u r n a c e  a n a l y s i s ;  r a d i a t i o n  i n  furnaces ,  a p p l i c a t i o n s  and 
examples. 

Flame Dynamics i n  Combustors. Analysis  of mixing and r e a c t i o n  i n  h igh  
i n t e n s i t y  combustion chambers. 
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Table 2 

Nmber of Course o f f e r i n g s  i n  F u e l  Technology 

a t  D i f f e r e n t  I n s t i t u t i o n s  

T - t o t a l  Course o f f e r i n g s  i n  Fuel  Technology 

I - Courses on f lames,  combustion, p o l l u t i o n ,  e t c . ,  
and non-engine or propuls ion  t o p i c s  

IA - a s  t h e  major s u b j e c t  
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Note: A t o t a l  of 500 courses  i n  Fuel  Technology w e r e  i d e n t i f i e d  
o f f e r e d  a t  120 d i f f e r e n t  u n i v e r s i t i e s  and s i m i l a r  teach-  
ing i n s t i t u t i o n s .  About ha l f  o f f e r  on ly  3 courses  or l e s s .  
The 14  i n s t i t u t i o n s  l i s t e d  above o f f e r  about  1 / 3  of a l l  
t h e  courses .  
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